The syntheses of 3-fluoro-1,8-naphthalimide and 3-fluoro-1,8-naphthalic anhydride from 3-nitro-1,8-naphthalimide have been described. 3-Nitro-1,8-naphthalimide can be obtained by nitration of naphthalimide with sodium nitrate in sulfuric acid. Stability of naphthalimides under acidic and alkaline conditions makes 3-substituted naphthalimides more suitable synthones for further functionalization compared to the corresponding 3-substituted naphthalic anhydrides. The best yield of 3-fluoro-1,8-naphthalimide was achieved through the following sequence: 1) nitration of naphthalic anhydride to 3-nitronaphthalic anhydride by sodium nitrate in the concentrated sulfuric acid; 2) ammonolysis of 3-nitronaphthalic anhydride to 3-nitronaphthalimide with aqueous ammonia; 3) reduction of 3-nitronaphthalimide to 3-amino-naphthalimide with sodium dithionite solution in aqueous ethanol; 4) preparation of 3-fluoronaphthalimide by diazotization of 3-aminonaphthalimide and subsequent thermal decomposition of the corresponding tetrafluoroborate. Nitration of naphthalic anhydride makes it possible to avoid the problem of poor solubility of naphthalimide in sulfuric acid. Subsequent reactions are conveniently carried out with naphthalimide derivatives, thus avoiding the difficulties encountered in isolating of
Many derivatives of naphthalene-1,8-dicarboxylic acid imide are used as efficient fluorophores and biologically active substances. It is well known that some 3-substituted 1,8-naphthalimides possess a significant biological activity. Due to the high cytotoxic activity against various tumour cells and viruses, a number of these compounds are used as anticancer and antiviral agents [1] [2] [3] [4] [5] .
Apparently, there are two ways to obtain 3-substituted 1,8-naphthalic anhydrides either by oxidation of the corresponding 4-substituted acenaphthene derivatives or by direct introduction of the substituent in position 3 of 1,8-naphthalic anhydride. The subsequent ammonolysis in both cases leads to the target 3-substituted 1,8-naphthalimides.
Surprisingly, there are no reports on the synthesis of 3-substituted naphthalimides from naphthalimide 1b as the starting material though the imide and anhydride groups have the same labilizing effect on the substituents of the naphthalene ring. Yet, importantly, the robustness of naphthalimides under acidic and alkaline conditions makes 3-substituted imides more suitable synthones for further functionalization.
3-Fluoro-, 4-fluoro-and 5-fluoroacenaphthenes were obtained by Yagupolskii & Ivanova [6] . 4-Fluoroacenaphthene, the least accessible of three isomers, could be envisioned as the starting material for preparation of the unknown 3-fluoro-1,8-naphthalic anhydride and the corresponding imide. Therefore, the aim of the present work was to synthesize 3-fluoro- Alternatively, anhydrides 1a, 2a, 3a can be converted into the corresponding imides 1b, 2b, 3b via the ammonolysis reaction, and subsequent transformations towards 4b can be carried out with imides as follows from the scheme below (Scheme).
The nitration of 1,8-naphthalic anhydride and 1,8-naphthalimide was carried out by sodium nitrate in the concentrated sulfuric acid at elevated temperature. It was detected that naphthalimide (1b) had lower solubility in sulfuric acid comparing with naphthalic anhydride (1a). The yield of anhydride 2a was 78%, the yield of imide 2b -70%. 3-Nitro-1,8-naphthalimide 2b was also obtained by ammonolysis of 3-nitro-1,8-naphthalic anhydride 2a with 93% yield.
3-Amino-1,8-naphthalic anhydride 3a (as hydrochloride) and 3-amino-1,8-naphthalimide 3b were prepared by reduction of 3-nitro-1,8-naphthalic anhydride (2a) and 3-nitro-1,8-naphthalimide (2b) with sodium dithionite solution in aqueous ethanol. The reaction yielded 64% and 71% of anhydride and imide 3a and 3b, respectively.
Since amino anhydride 3a is a bifunctional compound that can undergo the polymerization reaction, it needs to be converted into more stable hydrochloride. In contrast, the polymerization for 3-aminonaphthalimide is not a problem as transamination does not occur easily because of the lower reactivity of the imide carbonyl group in A N reactions. 3-Amino-1,8-naphthalimide 3b was also obtained by ammonolysis of 3-amino-1,8-naphthalic anhydride (3a) with 89% yield.
3-Fluoro-1,8-naphthalic anhydride 4a and 3-fluoro-1,8-naphthalimide 4b were synthesized with 19% and 24% yield, respectively, by diazotization of 3-amino-1,8-naphthalic anhydride and 3-amino-1,8-naphthalimide and subsequent thermal decomposition of the corresponding tetrafluoroborates. 3-Fluoronaphthalimide 4b was also obtained by ammonolysis of 3-fluoronaphthalic anhydride 4a with the yield of 90%.
3-Fluoro-1,8-naphthalic anhydride and 3-fluoro-1,8-naphthalimide are light yellow crystalline substances with melting points of 221-222°C and 305-307°C, respectively.
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The structure of 3-fluoronaphthalic anhydride and 3-fluoronaphthalimide was determined by IR and 1 Н NMR spectroscopy.
The IR spectrum of anhydride 4a exhibits intense absorption bands at 1780 cm -1 and 1734 cm -1 corresponding to the stretching vibrations of carbonyl groups of the anhydride moiety. In the IR spectrum of imide 4b two absorption bands at 1698 cm -1 and 1674 cm -1 are observed corresponding to the characteristic stretching vibrations of the imide carbonyl groups. The presence of the N-H bond in 3-fluoronaphthalimide is confirmed by absorption at 3170 cm -1 . The absorption band at 1095-1100 cm -1 in the IR spectra of anhydride 4a and imide 4b corresponds to the stretching vibrations of the C-F bond.
In the 
Experimental Part
The 1 H NMR spectra were recorded at ambient temperature on a BRUKER WM 400 spectrometer with an operating frequency of 400 MHz, in DMSO-d 6 as a solvent and TMS as the internal standard. The IR spectra (in KBr) were recorded on a Perkin Elmer Frontier FT-IR spectrometer. The reaction course and purity of the compounds synthesized were monitored by thin layer chromatography on Silicagel 60 F254 plates (Merck) with chloroform as an eluent, followed by exposure to UV light. 1,8-Naphthalic anhydride and 1,8-naphthalimide were prepared from acenaphthene according to the known procedure [7] .
3-Nitro-1,8-naphthalic anhydride (5-nitrobenzo[de]isochromene-1,3-dione) (2а).
Add sodium nitrate (1.30 g, 15 mmol) portion wise to the solution of 1,8-naphthalic anhydride (3.00 g, 15 mmol) in 30 ml of the concentrated sulfuric acid. Heat the reaction mixture for 2 h on a water bath, then pour onto ice, filter the precipitate, wash with water and dry at 110°C. Purify the crude product by crystallization from acetic acid to obtain 3-nitronaphthalic anhydride as a yellow solid (2.85 g, 78%) . M.p. -242-244°C [7] .
3-Nitro-1,8-naphthalimide (5-nitro-1H-benzo[de] isoquinoline-1,3(2H)-dione) (2b).
Compound 2b was prepared analogously to compound 2a using naphthalimide (2.00 g) in 50 ml of concentrated sulfuric acid and sodium nitrate (1.30 g). Crystallization from acetic acid yields title compound (1.70 g, 70%) as a yellow solid. M.p. -311-312°C [7] .
3-Amino-1,8-naphthalic anhydride (5-aminobenzo [de] isochromene-1,3-dione) (3а) . Dissolve 3-nitro-1,8-naphthalic anhydride (1.00 g, 4 mmol) in ethanol (100 ml) and hot water (50 ml). Add sodium dithionite (0.55 g) portion wise while stirring. Reflux the reaction mixture for 3 h and concentrate on a water bath. Add hydrochloric acid (10 ml) to the residue, filter the precipitate and dry to obtain 3-amino-1,8-naphthalic anhydride hydrochloride (0.65 g, 64%) as an orange solid. M.p. -290-292°C [7] .
3-Amino-1,8-naphthalimide (5-amino-1H-benzo[de] isoquinoline-1,3(2H)-dione) (3b).
Compound 3b was prepared analogously to compound 3a using 3-nitronaphthalimide (1 g, 4 mmol) in ethanol (100 ml)/ hot water (50 ml) and sodium dithionite (0.55 g). The title compound (0.7x g, 71%) was obtained as an orange solid. M.p. -333-335 o С [7] .
3-Fluoro-1,8-naphthalic anhydride (5-aminobenzo[de]isochromene-1,3-dione) (4а).
Heat 3-amino-1,8-naphthalic anhydride (0.5 g, 2 mmol) and hydrochloric acid (2 ml) in 10 ml of water to reflux, then cool the mixture to 0 o C. Add the solution of sodium nitrite (0.14 g, 0.002 mol) in 10 ml of water dropwise at 0 while stirring vigorously. Stir the reaction mixture for 30 min at 0 o C and filter under ice cooling. Cool the filtrate to -5°C, add tetrafluoroboric acid (2 ml) to the filtrate, leave the reaction mixture at -5 o C for 30 min, filter the precipitate and wash with cold methanol. Dry the resulting diazonium tetrafluoroborate salt over sulfuric acid. The diazonium salt was thermally decomposed, the residue in the distillation flask was crystallized from acetic acid. 2a-4a) . Heat the corresponding naphthalic anhydride (2 mmol) on a water bath in 20 ml of 16% aqueous ammonia for 3 h. Dilute the reaction mixture with 10 ml of water. Filter the precipitate, wash with water, and dry at 110°C. Purify the crude product by crystallization from acetic acid to obtain the corresponding naphthalimide (1.7-1.9 mmol) with the identical melting points as of the samples above.
Conclusions

1.
It has been shown that 3-nitronaphthalimide can be obtained by direct nitration of naphthalimide with a high yield.
2. 3-Fluoronaphthalimide can be synthesized with an optimal yield by the following sequence: naphthalic anhydride → 3-nitronaphthalic anhydride → 3-nitronaphthalimide → 3-fluoronaphthalimide.
